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B nocne,D;HHe ronbi 3HaliHTeJILHO aospoc HHrepec K H3ylleHHID CHJILHO 

B036y)!()leHHbiX COCTOJIHI!i\ JI)lepHOrO ( a)lpOHHOrO) Bell.leCTBa. B 3Till< HC· 

CJie,UOBaHHR:X OlleHb Ba:>KHbiMH npe,nCTaBJIHfOTCH fiOHCKH CJie,UOB B03MO)f(

HOrO <f>a30Boro nepexo,na, B pe3yJILTaTe Koroporo o6p3.3yeTcH KBapK-rJIID

OHHa.H MaTepiDI (''KsarMa") • OcHOBHbiMH KoHeliHhiMH npo.zzyKTaMH pac

naaa crycrKa cl!<aToro H pa3orpeToro aemecTaa ( <l>ai\ep6ona) JIBITJIIOTCJI 

riHOHhi H HYKJIOHbi. O,llHa:Ko ,UJIH nonylleHHH cae,neHHM o pa.HHHX, HaH6onee 

HHTepeCHbiX CTa,UHHX B3a.HMO,lleJlcTBHii, B KOTOpbiX B03MO)KH0 o6pa30Ba.HHe 

¢JaH:ep6oJia (KaarMLI), HCCJie,UOBaHHe xapaKTepHCTHK ITHOHOB OK3.3bmaeTCH 

Ma.JI03<f>¢JeKTHBHbiM H3-3a TOrO, liTO 3HalJHTeJILHO~ liHCJIO TT- Me30HOB HBJIH

eTCH npo,eyKTOM pacna,na pe30Ha:HCOB, a TaK)f(e H3-3a 3HalJiiTeJILHbiX CelleHilli 

B3rutMO,lleHcmllli, liTO rrpHBO.UHT K 6onhlllHM 3<P<f>eKTaM nepepaccemum 

a c*aroM aemecrae. llo 3THM )f(e npHliHHaM aenocraTotffio J<f><t>eKTHBHLIM 

.UJIH 3THX u;eneii HBJIHeTCH ~aK)f(e H3ylleHHe xapaKTeJ)HCTHK HYKJIOHOB. Y crpa

HHTh npo6neMy nepepacceRHHfl MO)I(HO, HCCJie,nyH npHMOe HCnyCKaHHe Jien

TOHHbiX nap ( f+f-), a TaK)f(e ·Y -KBa.HTOB /!/ . K CO)f(aJieHHfO, ITO.U06Hbie 

3KCnepHMeHTbl llpe3Bblllaif:HO TPY.IlHLI, Ta.K KaK npHMOe o6pasoaruuie e+e
H Y - OlleHb pe,UKHH rrpou;ecc, KOTOphtft: He06XO.UHMO H)J.eiirntf>HUHpOBaTb 

aa JHaliHTeJILHOM ¢JOae p3.3JIHliHhiX HMHTHPYIDI.I.U1X npou;eccoa. 

BbiCKa3biBaJ1HCb TaK)f(e npe,nJIO)f(eHH,ir / 2/ HCITQJib30BaTh ,UJIR ITOHCKa 

KBarMhi npouecc o6p3.30BaHHH "crpaHafcrH''. PaccMoTpeHHe H aHanH3 

TeopeTHtleCKHX H 3KCITepHMeHTa.JibHbiX peayJihTa.TOB, CBH3aHHbiX C np06Jie

MOii HCITOJib30BaHHfl CTpaHHbiX qacrnu; (B lqacrnOCTH, A-nmepOHOB) B no

,no6HhiX ITOHCKOBbiX 3KcnepHMeHTa.X, IT03BOJIHIOT cc:lJopMyJIHpOBaTb pH,n 

apryMeHTOB B ITOJib3Y TRKOrO 3KcnepHMeH~JibHOrO fiOAXO,D;a. 

1. ilOBhUUeHHbiH BbiXO.U. CTpaHHhlX tlacTHU npH ,llOCTRTOlJHO 6oJihlllHX 

' TeMnepaTypax <l>ai\ep6ona ( T 0 ;: 150 )'hB) MOl!<eT cnylKHTb cHrHanoM 

o6pa30Ba.HHH KBarMbl, B KOTOpoH "cTpaHHOCTb" )J.OJI)K}Ia Hapo)l(.,ll;aTbCH 
" I - - -

3a ClleT npou;eccOB B3aHMO,D;eHCTBHR KBapKOB H rJifOOHOB ( Q Q -t SS H gg_,. S S) , 

' H3 KOTOpbiX nocne.zuutii: .u.aeT pelllafOI.I..tHft BKJIR,l(. Qu;eHKH HHTeHCHBHOCTH 
131 I 

3THX npou;eCCOB ITOK3.3biBafOT, liTO yl.lieT rJifOOHHbiX ,D;HarpaMM (pHc.l) 

ITpHBO,UHT K apeMeHaM YCTaHOBJieHHH daBHOBecHR, KOTOpbie CpaBHHMbl 

C R,llepHbiM, npH 3TOM KOHUeHTp3J.UiH CTif"HbiX KaapKOB (no OTHOllleHHIO 

K 6apHOHHOMY lJHcny) MOJKeT ,ll;OCTHraTb 3Hatretrnft n 8/b '::! 0,1 7 0,6, 
a 3aB.,CHMOcTH OT ,q,q,eKTHBHoi\ TeMne~azypbl T (pHc. 2) . HaH6onLmHe 

TeMrteparypbi H ITOBbillleHHbift BbiXO)l crPaHHbiX traCTHIJ; Q)KH,llaeTCR B o6-

naCTH cpe.UHHX 6biCTpOT H 60JiblUHX nonepe4HhiX HMnyJIDCOB p T . 
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Puc. 2. 3eoAIOJ4WI eo epeMenu or
nocurerzbHOil KOHI{enrpaquu crpan
HblX KBapKOB (no OTIWZ-UeHUIO 

K 6apUOHHOMy 'IUC/lY) 6 3QBUCU

MOCTU OT '3rjtjeKTUBHOil TeMnepa

Typbl T (npu Macce M s ~ 

0.2 

= 150 M3B u xpoMoOunaMu~teCKoii ~ 
KOHCTQHTe a 5 = 0,6). 

0 

Puc.}. .auazpaMMbl, onu
CbZeaJOzque npo1.4eccbz o6-
pa3oeaHWl nap ss -
KeapKoe: npu e3aUMo0eii
creuu KeapKoB (a); npu 
B3aUMo0eiicreuu ZfliOOHOB 
(6}. 

M=150 M3B, o:,•0,6, 
' ' ------------;-__ ..._ __ 

' T •.300M3B I 

' ' ' I 
------ ------- --:;-::;'-----

200 ' ' 
--~~-~~ 

2. Oco6eHHO qeTKHX CHrHanos o6paaosa.HHR: sS -nap B KBarMe CJie.D;yeT 
Oli<H,!IRTh npH 60JihlllHX 6apHOHHbiX llJIOTHOCTHX 6narO,!IRpH nplllil1HIIY ilayJIH, 
KOTOphlli llO,!IRBJIHeT pOll<,lleJ<He nap JierKHX KBapKOB {UU , dd). ilo HMe
IOlnHMCH OUeHKaM 141 , 3HaliHTeJThHbie IDIOTHOCTH ,D;O p/p0 :: 10 MOf'YT 
6hiTL nonytieHhi (no KpaillieH Mepe, noKanbHo) 3a cqeT ynapHoro C)KB.THR 
B TaK Ha.3bffiaeMOM TOpM03HOM peiKHMe llpH CpaBHHTeJILHO He60JILWHX 
3HeprHHX (3 + 10 A r3B). 

3. 06pa30BaHHe ¢(ss) -Me30HOB 3a cqeT llOBhlllleHHOH KOH~eHTpR!1HH - 15r 
S S -nap 3aHHMReT OC060e MeCTO cpe,!IH Oli<H,llaeMhiX 3$$eKTOB R,llpOHH· 

3a.D;HH KBarMhi, o6oraw;eHHOJ:i CTpaHHOCTbiO. ,llen:o B TOM, 'ITO OCHOBHbie 
<j>oHoBhie npo~eccbl- poll<,lleJ<He ¢-qacTHU B RIIPOHHhiX B3aHMO,lleHCTBHHx 
OIIHCbffiaiOTCH TaK H3.3biBaeMhiMH p3.3phffiHbiMH KsapKOBbiMH .D;HarpaMMaMH 
( CM. pHC. 3) , KOTOpbie CHJlhHO llO,!IRBJieHhl B CHJIY npRBHJIR 0Ky6o - Uael\
ra- M.H3yKH, qyo ITO.D;TBepJK.D;aeTCH 3KCDepHMeHTOM. flo 3TOH JKe npHtiHHe 
cf> -Me30Hbl CJia6o B3aHMO,n;eHCTBYIOT C semecTBOM H, TaKHM o6pa30M, 

HBllHIOTCH ''npoHHKalO~M'' CHrHaJIOM. 

4. 1136bfrOK nap CTp3.HHbiX. KBapKOB, o6p3.30Ba.BWHXCJI B KBarMe, 
MOJKeT npOHBHThCH He TOJihKO B a,npOHH3ai.J;HH (nOBbiWeHHhiH BhlXO.D; mne-
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Puc. 3. ,lluazpaMJWbl npoijeccoe o6pa3oeaHUR 

cp -Me30H06: 6 NN -63auModeiicreuu (a); 

60 63aUM00efi.cTBUU 2/l!OOHOB 6 KBQZMe (6). 

pOHOB, aHTHrHrrepoHOB, KaOHOB H ~

Me30HOB, o6p8.30BaHHe CTpaHHbiX 

MYJihTHKBapKOBhix cocroRHHH THna H
,n;HrHnepoaa), HO H B MeHee rrpR:MbiX 

npoueccax, aanpHMep, a aHHHrHIDIIl.HH 

SS -+ yg , tJTO JI.OJI)KHQ npHBeCTH K a.HO-

MaJIHRM a cneKTpax npRMbiX Y-KBBHTOB B o6nacTH 3Hepnlil Ey .::: 2m s- .::: 

~ 300 M3B
161 

. 

5. B HaH6onee peanhHoH CHTyanHH, Kor.zta o6pasyeTCH CMech a,n;poHaoH 

H KBB.pK·rJIIOOHHOH <f>a3, aBTOpbi p><Aa pa6oT /7+ 9 / npellCKa3biBaiOT 3<f><f>eKT 

pa3.rr.eneHHH o6paaoaasmHxCJI S - H s - KaapKos, a pe3yn&raTe qero Hapo

.IJiHBlllHecn S-KBapKH YXO,nHT H3 KBarMbl B a,n;pOHHYIO ¢Ja3y, o6pasyH B OC

HOBHOM K (sq) -Me30Hbl. 3TO npHBO)IHT K yBeJIH'leHH!O KOHileHTp~HH 

S - KBapKOB B cryCTK.e KBarMbl, KOTOpaR CTaHOBHTCH eme 6onee HliTeHCHB

HbiM HCTOtffiHKOM rli:nepOHOB, a TaiOKe rHITOTeTHllecKHX CTpaHHbiX. MHOrO

KBapr<:OBbiX COCTOJIHHH (THna H-,nHrHnepoaa). 

6. BnaronapH coxpaa:eamo cTpaHHOCTH a cilli&HhiX s3aHMO.UeiicTBHHx 

o6mee tJHcno o6p3.30BaBlllHXCH crpa.HHhiX ttacnru; npaKTHtleCKH He yMeaoma

ercH a peaynoraTe nocne.nymiUHx B3aHMoneHcrsm1, no3TOMY HX o61.I..U1H 

BbiXO,D. .rr.aeT HH<PopMauHIO 0 nepBbiX CTa.II.HRX llpOUeCCOB . o6pa30Ba.HHH H 

a,n;pOHH3auHH KBarMbl, TaK )l(e KaK H BblXO.IJ; npHMbiX JiellTOHHbiX nap H 

·y -KBaHTOB. B TO )f(e speMH seponmocTb o6p3.30Ba.HHH CTpaHHbiX ttacnm; 

(HanpHMep, 1\ H K ) B 10 3 
7 104 

pas 6orrbrne, OHH rrerKo HlleHTH<f>HilH

pyroTcH, c:poa B03MO)f(HbiX HMHTaUHH Man. 

7. BayrpHH.n;epHoie. npo6neMbi y raKHX crpaHHbiX tiaCTHU, KaK K-

Me30Hbl H i\ -rHnepOHbi, 3aMeTHO 6onbiue, tieM y ITHOHOB (aKN - 15 M6, 

O"J\N - 30 M6 TIO cpaBHeHHIO C anN - 60 ~ 80 M6) *, TaK qTo HX cneKTpaJib

Hbie xapaKTepHCTHKH orpiDKaiOT 6onee pa.HHHe 3Tanhr npou;ecca o6pa30BaHHH 

C)f(aTOrO,CHJibHO B036y)J()l;eHHOrO se·I..QeCTBa. 

8. Acconu.aTHBHoe pmrneHHe crpaHHhiX ttaCTHU (aanpHMep, napbi 

AK ) rpe6yeT cyruecTBeHHO 6onhllleH 3HeprHH, tteM nHoHoo6p3.3oBaaHe, 

ll03TOMY HX pmK.n;eHHe Bbi,lJ,eJlHeT B3a.HMO)leilcTBHH C 60JlbWHM JIOK.aJihHbiM 

3HepreTHtteCKHM B036y)KlleHI-IeM, l.JeM npouecc o6pa30BaHHH llHOHOB. 

* 30ecb npu6odRrCR npuMepHbie 3HatteHlL"l celleHtlit. i'py6o ycpeOHeHH.ble no cneKTfJ(L\t 

•acru~, o6pa:JYIOUIUXCJI npu 3Hep2WlX 3 7 10 A TJB. 
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9. CTeiTeHb TepMaRH3a.I.lHH Bei.IJ;eCTBa, KOTOpaR HBJIHeTCH BIDKHbiM 
(ao, z.coHelffio, He e,n;HHCTBeHHhiM) ycnoaHeM <Paaoaoro nepexo,n;a B z.caarMY, 
MO)f(eT 6biTb oueaeaa no :xapaz.cTepy yrnoahix pacnpe.n;eneHHH o6paaoaaBrnHx
CH rHrrepoaoa. Enaro,n;apH wrnaMHqecKHM oco6eaaoCTaM npouecca Hx 
po)K)];eHHR a nepBHlffiOM 3ne:M:eHTapHOM ai<Te (a NN-aaa.HMo.n;eHcTBHH) 
a yrnoBhiX pacnpe.n;e.rreHHHX aa6nro.n;aJOTCH nHKH arrepe.n;-aaaa,n; (a UM
CHCTeMe), qTQ CBH3aHO C 3<P<PeKTOM JJH,W:IpOBaHIDI ,ZJ;HKBapz.ca. ECJJH )f(e 
a peaynLTaTe nocne,n;yrornHx npoueccoa ycTa.HaBJJHaaeTcR xoTH 6LI noz.canLHoe 
paaHoaecHe, 3TH pacnpe,n;eneaiDI cTaHOBHTCR 6onee H30TpOrnibiMH, qTo 
CBH,ll;eTeRbCTBYeT B ITOJJb3y TepMaJIH3aQHH ae_I.IJ;eCTBa. 

10. iloJIRpH3aiUlH A·mrrepoHOB ( r A ) ' KOTopaH rrerKO onpeue-
JI.HeTCH ?tKCllepHMeHTaJlbHO, TaK)f(e MO)f(eT CJIY)KHTb BIDKHbiM HCTOlffiHKOM 
HalJ>opMauHH o cTeneHH TepManHaau;HH aemecTaa. Cne,n;yeT O)IGI,ll;aTb, trro 
3Ta nonRpH3ru .. um, xapaKTepHa.H .nn:R NN - H NA T'"B3aHMo,ueHcTaHH oco6eH
HO ITpH 60JibiiiHX p T , CHJlbHO yMeHbiiiHTCR HJIH COBCeM HCqe3HeT B npo
u;ecce ,n;OCTH)f(eHHR paaaosecHR (xOTH 6bi JIOKaJJhHoro) . HeJJb3R cornacHThCR 
C MHeHHeM HeKOTOpbiX aBTOpOB /lO, ll/ , yraep)I(J:I;aJOUJ;HX, qTQ OTCYTCTBHe 

z~~ 2· 

"" -IZ 1. 

zf.€ 2. 
"" -lz 1. 

z\1 2. 

"" -lz 1. 

zr~ 2 
"" ,.....fz 

1
_ 
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Heynp. He-Li B3. 

nonRpH3RUHH A .RBJI.ReTc.FI cHrHaJIOM 
o6paaoBaHHR KsarMbi. TeM ae MeHee, 
yMeHbiiieHHe p J\ MO)f(eT CJJY)f(HTb KOH
-TpOJieM 3a ,ll;OCTIDKeHHeM YCJIOBHii, He-
06XO,ll;HMbiX ,ll;liR ITOJiyt~eHHR paBHOBeCHO
ro a,npOHHOrO ra3a HJIH KBRpK- rJIIOOHHm.): 
lllla3Mbl. 

~eHTp. C-C, C-Ne.O--Nee3. llpHae.u;eHHbie Bhirne coo6pa)KeHHR 

83. 

~eHTp. C-Pb,O-PbsJ. 

-0.6 -Q2 U2 0.6 
cost.11' 

CBH,Zl;eTeJibCTBYfOT 0 nepcneKTHBHOCTH HC
ITOJlb30BaHHH 3<P<l>eKTOB CTpaHHOCTH KaK 
CHrHaJIR B ITOHCKe KBarMbi, OC06eHHO 
a yCJJOBHRx 6onhllloff 6apHOHHOH nnoT
HOCTH, KOTOpbie, KaK y)f(e ynOMHHaJIOCh, 
MoryT 6biTh nonyqeHhi a peaynLTaTe 
TOPM03HOro piDKHMa H y,n;apaoro C)f(anm 
llpH CpaBHHTeJibHO He60JiblllHX 3HeprHRX. 

HapHJlY c TPY.IlHOH rrpo6rreMoii Bhi-
6opa HaH6orree qeTKHX CHrHaJioB o6pa3o-
BaHHR KBarMbl He MeHee BR)K.HbiM RBJIH
eTCR sonpoc, KRKHM cnoco6oM MO)f(}IO 

Puc.4. Yzll06ble pacnpeiJeAeHWI A-zunepo-
HOB, poJKOeHHblX 6 ijeH'rpa.nbHblX JU}po-R0epHblX 
63aUMo0eii.CT6WIX. 



peanH30BRTL HaH6onee 6JiaronpiDITHLie ycnoBHH MH nepexo.n;a H3 a.upoiD:Ioii: 

<jJa3b! B KBapK-rniOOHHYIO. 

B HRCTO.RI.IJ;ee apeMH lllHpOKO o6cy)J{)];ruoTcH B03MO)I(HOCTH nonytieHHH 

o6oram;eHHOii: CTpaHHOCTbiO KBarMbl B UeHTpaJILHbiX H,ll;pO-H,ZiepHbiX Coy,nape

HHJIX, a TRK)Ke BO B3aHMO,ll;eii:CTBIDIX aHTHflpOTOHOB C R,llpa.MH. ilOHBHBWHeCH 

He,ll;aBHO nepBbie 3KcrrepHMeHTaJlhHbie )laHHLie, OTHOCJII.I.J;HeCH K o6cy)J{)];a

eMLIM IIp06JieMaM, II03BOJIHIOT npoaeCTH CpaBHHTeJILHbiii: aHaJIH3 3THX. ,lJ.ByX 

3KCIIepHMeHTaJILHbiX IIO,li,XO,ll;OB, OCTaBJIRR llOKa B CTOpOHe paCcy)K,l(eH~ 

o6I.I.J;ereoperHtiecKoro xapaKTepa. 

3KcrrepHMeHTbi, rrpose.n;eHHLie B JI.n;epHbiX rrytiKax .n;y6HeHcKoro cHHxpo

<Pa3oTpoHa 112 +!6/, BbiHBHJIH a caoii:cTaax o6pa3oaaswBxCR A-rHrrepo

HoB pR.n; OC06eHHOCTe.fr:, TipHMeqaTeJibHbiX C TOtiKH 3peHHR ,lJ;aJILHeii:wero 

pa3BHTHR IIOHCKOBbiX HccnenoaaHit:ii:. YrnoBbie pacnpe.n;eneHHR A-rnnepo

HOB, pOlK.UeHHbiX B lleHrpanbHhiX B3aHMO!leiicrmHix ( UB) H!lep CC , CNe H 

ONe rrpH 3HeprHH 3,66 r3B, OKa3anHCb B rrpe)lenax oum6oK H30TpOIIHb!MH 

KaK ,ll;JIR tiHCJia tiaCTHI..J;,_ TaK H ,llJIH HX 3Hepnt:ii:, T.e. ,UJIH dNJ\/dCos8* H 

d T* /dCos8* , r.ne 8* - yron BbineTa, a T* - KHHeTHtieCKaR 3Hepnm 

A -rHnepoHoa a c.n.M.-cHcTeMe NN -cTOJIKHoaeami. CooTaeTcTayroi.I.J;He 

xapaKTepHCTHKH CCu - H CZr -B3a.HMo.ueii:cTBI1ii TaK)I(e 6nH3KH K H30-

Tporrn&IM, HO 06Hapy)KHB,alOT HeKOTOpyro acHMMeTpHIO, ofiyCJJOBJieHHYJO, 

IIO-BH,UHMOMY, BTOpHliHbiMH nponeccaMH, 

OUIH60K (pHC.4) . npH e!11e 6orree 

TH>KeJIOM H)lpe MHll!eHH ( Pb ) 3Ta 

acHMMeTpHR OKa3&maeT-CH 3HatiH

TeJibHOii: * , HO ee MO)I(}{O CBeCTt-1 K 

Puc. 5. Yzno6ble pacnpeOeJZeHWf A-zu-

nepoHoe npu l4eHTpaAbHblX C Pb- u 

OPb -e3aUMo0eUcreURx: e cucre.Me 

ijewrpa Mace NN I - - - - ) ; e eucre

Me ijeHrpa MQCC HYKJZOHHOZO KJlQCTepa 

(. ........ ) ; npu pTa ·B3aUMoaeii-

cr6WlX: 6 cucre.Me ijeHrpa Mace NN 
( ) ; 6 cucreMe ijeHrpa Mace 

HYKJZOHHOZO Knacrepa ( - · - · - ) . 

HO He BbiXO.lOilUYIO 3a npe,[(en&I 

-·-, ~-
...... ~ ... 7;,J 

r-
...J 

-1 -0.4 -0.2 +O.Z +0.4 +1 

Cos S* 

1.5 

1.0 

0.5 

* Yznoe&ze pacnpedeJZeHUR A -zunepoHoe U3 C Th. -e3au;wodeUcreuii npu 

3,3 A F3B wwe10r aHanozwm&zU xapaKTep I 161 
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a 

6 

ll.5 

B 

1.0 

-a.& - o.2. 02. UG 

Case" 

Puc. 6. YzllOBble pacnpeOeAeHWJ A -zu

nepoHoe: B NN ·B3aUMo0eUcraWJX (a); 

e HeqeHTfJMbHblX He Li - u C C -e3au.Mo· 

OeUCTBUJlX (6) ," 8 qeHTpiZ!IbHblX CC-. 
CNe- , ONe -B3aUMooeilcTBWlX (e). 

MHHHMYMY non6opOM COomeTCTBy

IOUJ;eii CHCTeMbl u;eHTpa MRCC, COOTBeT

CTBYIOUJ;eii: B3a.HMO,lleii:CTBlliO HyKJIOHR 

c "KJiacTepoM" H3 aecKOJihKHX ay
KJIOHOB (8 7 12) (CM. pHC.5). 

B npoTHBonoJio)K}{OCTh TaKOMY 

H30TponHOMy xapaKTepy yrrroBbiX 
pacnpe)leneHHil B UB, aHaJIH3 A-m-
nepoaos B aeu;eHTpanbHhiX He Li -
H CG-cTOJIKHOBeHH.fiX o6aapy)f(lfaaeT 

xapaKTepHhie .llJl.fl NN -a3aHMo.ueH

cmHH lll:IKH B nepe.u- Ha3a,n; ( CM. 

pHC.6), KOTOpble yMeHblliRlOTCJI C 

yaeJIHlJeHHeM CTeneHH QeHTpaJibHOCTH 

coynapemm Hnep. Bee 3TH naHHbie 

YKa3hiBRIOT Ha B03MO)K}{OCTb nonyqe

HIDI cryCTKR TepMaJIH30BRHHOrO Be

UJ;eCTBR B D;eHTpaJihHbiX JI,llpO • H,ll;epHbiX 

B3RHMo,ne:ficrBIDix c po)K)J;eHHeM A -
rHnepOHOB. 

B ll0Jlh3Y TepMaJIH3a.IlHH CBH,lleTeJibCTByeT TRK)Ke 60JihUMa.HOBCKI1i1 

xapaKTep 3HeprenrqecKoro cneKTpa "n;eHTpaJibHbiX" A -nmepoaoa, 

H3 KOTOpOTO B pe3yJibTaTe <j>HTHpOBaHHff 3aBHCHMOCTH d
3
a/dp

3 
-exp(-T*/To) 

6bma norryqeHa 3<j><j>eKTHBHBJI reMneparypa T 0 (A) ~ 150± 19 M3B. Be
JIHtn:my TO MO)I(HQ ou;eHHTb TRK)Ke H3 COOTHOWeHHH, CllpaBe,ll;JIHBOrO B rrpen

llOJIO)KeHHH 6oJibi.J;M3HOBCKOrO pacnpeneneHHJI: 

<p >~v ~K 
12 

(.!lL) /K2(...'!l.), 
T 2 B T T 

(1) 

r.ue < p > - cpenaHH nonepeliHhiH HMnyJI&c, a K - TaK Ha3LiaaeMbie 
T a 

<j>yHKllHH MaK,[(OHaJiblla (eM., HanpHMep, /17/ ) . 

IIonylleHHbie a TRKOM npH6JIH)KeHHH 3HalJeHHH aeJIHllHHhi T o6Hapy)f(H

aalOT pOCT C yBeJIHlJeHHeM CTelleHH u;eHTpaJibHOCTH 0C -coy,napeHHfl, KOTO

prui orrpe)lerrJiercJI qHcrroM yqacTBYIOI11HX npoTOHOB Q (eM. pHc. 7) . II pH 
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Puc. 7. 3aeuCUJo.focru or flUC/la npoe3aUMo

oeiicraoaaautux npOTOH06(Q): napaMerpa 

U30T{JOnuu 0 ( 0 ) , 3(/i!fteKTUBHOU 

TeMneparypb! Trill)( e) , OTHOCUTer!b· 

Hozo BbiXOoa ( R = <n Ilk >I< n 11 > ) 
0/l.R KYMYil.RTUeHblX Ak -11acru-q c p• > 
> ll3Bfc ( 6} u 0/!J! Ilk c P T ~ 
2. 1 F3Bjc (') 

3TOM CT3.HOBHTCH 60JibWeft H CTeiieHb 

H30TpOIDIOCTH B HCfiYCKaHHH A -
qacTHU, KOTOpylO MO)I(HO XapaK

TepH30BaTb napaMeTPOM 5 = 

=(DN-D)I(DN-D0 ), r.o;e D, D0 , 
DN - ,o;HcnepCHH yrnoBbiX pacnpe
.neneHn:H, COOTBeTCTBeHHO HCCJie,JJ;y

eMOrO, H30TpOIIHOrO H aHH30TpOII

HOrO, ,UJUI B3aHMO,IJ,eftCTBHif. 

PaccMOTpeHHbie 3<jJ<jJeKTbi co
rnacyiOTC.fl c rrpe.nrrono)KeHHeM o 

TOM, liTO B peayJibTaTe ,D;OCTaTOtJHO 

300 

250 

200 

150 

100 

if 
R'% 
25 .. 

0 

5 

10 

)f(eCTKOro coy.u_apeHHH .R,Uep, Kor,na ytJaCTByeT IIO,ll,a.BJUIIOlllee tJHCJIO HYKJIO

HOB, B 06JiaCTH pO)f()l;eHHH napbi J\K o6paayeTCH JIOKaJibHO TepMaJIH30-

BaHHbift "rOpHtiidi" CryCTOK (<flaiJ:ep6oJI), KOTOpbi:H HBIDieTCH HCTOtiHHKOM 

passoMepso pacnpe.o;enesHbiX II -qacnn-1. TeMnepaTypa TaKoro <J>aliep6ona 

( T0 = 150 M3B)* cpasHHMa c Maccoli s -KsapKa " 6JIH3Ka K npe.o;

cKaanmaeMoH KpHTHtJ:ecKoH TeMnepaType cPa3oaoro nepexo.na B KaarMy 

(eM. pHC. 8), a ero IDIOTHOCTb MO)f(eT 6hiTb TaK)Ke AOBOJihHO 60JiblllOif 

(pIp " 4 -c 10) 3a c'leT y.o;apsoro c>KaTHJI /lSI, 

~ 3THX YCJIOBHHX MO)KHO O:>KH,UaTb yaeJIHtJeHHH BhlXO,D;a CTpaHHbiX 

t~acnm H, a t~acmocTH, A -rHnepoHa ( oco6eHHO a o6nacTH cpe.n;HHX 6nrcTpoT 

H 60JihlllHX pT ) , B03HHKWHX B pe3yJI&TaTe pO)IQJ.eHHH H a,n;pOHH3ai.l.HH 

S -KBapKOB B o6pa30BaaweHCH KBapK-rJliOOHHoH_ "Karme" (crycTKe). 

B COOTBeTCTBHH C 3THMH npe.u;cK33aHHHMH B ,ny6HeHCKHX HCCJie,lJ.OBaHHHX 

Ha6JIIO,D;aeTCH (CM. pHC. 7) 3aMeTHblli pOCT OTHOCHTeJibHOrO BbiXO.U.a "Ky

MYJIHTHBHbiX" Ak -tJaCTHU c p > 1 r3B/c c yaeJIHqeHHeM CTeneHH u.eHTpaJib-
T -

* B OeUcreuTe/lbHOCTU nepeoua~ttlllbHa.Jl reMneparypa pt13ozpeea rftaUep6o!la, Oo· 

CTU2HYTa!l 8 3KCnepUMeHTe /l2!, n0-6U0UMoMy, 60/li>Ul.e U3MepeHHOfi. 6etlUIIUHbl, 

r. K. aNa onpeOm.RJiacb H1l 6ollee no30Hux craOWlx pa3euruR npoZJ,ecca. 
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Puc. 8. 0JKU0aeMbze zpaHUijbl Me:JICOy aOpou
uoU U KeapK-2/UOOHHOU rfia3a.MU COZJZGCHO 
nocJZeOnu.M reopeTWieCKU.M pact~erflM: zurpu
xoeauHaR KpU6a.Jl CO CTpeJZKllMU - 803MOJK-
1ta.Jl rpaeKTOPUR npoqeccoe, uccJZeOoeaHHblX 
e AA -e3aU.Mo0eiicreUHX. 

HOCTH, a raK)Ke o6mero t~Hcna /\. -

fHIIepOHOB C napaMeTpOM p* ~ 1 r3B, 

KOTOphtH B OTJIHlll:le OT pT R:BJIR:eTCH 

napaMeTpOM, £PyHKI.lHOH3JihHO He3a.BH
CHMhiM or H3MeHeHHH yrrroa~:.rx pacnpe,u;eneaHH (no Cos 8 * ) . Cne,u;yer, 
O.llHaKO, HMeTL B BH.Izy, liTO J\ -rHnepOHhl C 60JibWHMH 3HalJeHHHMH p* MO
ryT B03HHKHYTh TaK)f(e 3a ClJeT BTOpHtiHbiX IlpOQeCCOB B "cneKTaTOpHbiX" 
OCKOJIKax H,nep Ap H AT , liTO MO)f(eT IIpHBeGTH K ywnpeHHlO 6biCTpOTHhiX 
pacnpe,neneHHH H K ycHJieHH!O yrnoaoft a.HH30TPOIIHH. BhiXO,ll, Ak -rHnepoaos 
c PT ~ 1 r3B/c, OTHeceHHbiH K liHcny NN -B3aHMO,ll,ei1:craHH, xapaKrepH3y
eMOMy Cpe,ll,Hefi MHO)f(eCTBeHHOCThlO "- -Me30HOB, TaK)f(e YBeJIHliHBaeTCH 
c r ~ <nAk"l<n -> ~ (2,5 ± 1,4) ·10- 4 AD r ~ (25 ± 8) ·10-4 arm 
r ~ (18± 5) ·10-~ c yqeroM UB RAep CCu H CZr. EcTecrneHHhrM npo
HBJieHHeM 06Hapy)f(eHHhiX 3¢>¢>eKTOB HBJIHeTCH H pOCT ( IlpHMepHO 8 2 pa3a) 

dN 
i\ -t~aCTHU H HX nonepeqHLIX 3HeprHfi <E > __ A_ B o6naCTH 

T dy 
IIJIOTHOCTH 

Cpe,ll,HHX 6biCTpDT Yo ± 0,5, liTO TaK:IKe npencKa3biBaeTCR KaK B03MO>KHhii.:t: 
cHrH3JI o6pa30BaHH.fl KBarMhi (eM., aanpHMep, /18,19/ ) . ELma nccneno
BaHa nonRpH3RUHR A -mnepoHOB ( P A ) B APA T -s3aHMOAeikTBHRX, 
KOTopaa, KaK ynoMHH3JIOCL, TaK*e xapaKTepH3yer yCJIOBllil MR Qla3oaoro 
nepexona s KBarMy. I13MepeHHaR sen><qHHa P A }J)lR UB Rnep oKa3anacb 
He OTJIHtla!Oll.lefiCH OT HyJIH B npenenax OWH60K na)f(e npH 3HalJHTeJibHhiX 
pT 1201 . IIonhiTKH 110 • 211 

HCTOJIKOBaTL 3TH naHHLie KaK nponarreHHe 
3Hat{HMbiX 3QlQleKTOB fiBJIRlOTCR HeCOCTOHTMbHbiMH BBHny HX He,UOCTaTOliHOfi 
CTaTHCTHt{eCKOfi o6ecneqeHHOCTH. 

3acny)f(}!Baer BHHMrut'H::R raK)Ke 3KCnepnMeHT3JILHOe yKa3rurne /22/ aa 
6onee H30Tp0nHh!H xapaKTep pacnpeneneHHii dN" I d Cos e• H dT* I dCos 0* 
,li,IIH rr- - Me30HOB H3 u;earp3JILHbiX AA -B3a.HMo,ueHcTBHH c o6pa3oaaHHeM k . KyMyJIJITHBHblX J\ ·rt-mepOHOB, tiTO Tpe6yeT 60JibWeft 3HeprHH (yqaCTllil 
60Jiblllero tJHCJia HyKJIOHOB). 3TO MOfJIO 6bi 03Hat.JaTb, lffO B TaKHX C06biTHHX 
TepMWIH33.I..I;HH paciipOCTpa.HHeTCH Ha 60JiblllYIO llaCTh 06naCTH nepeKphiTHH 
n.uep. IIpH 3TOM Ha6n!On3JiocL HeKoropoe nOBhiliieHne 6onDI~Ma.HoscKoH 
TeMnepaTypbr HcrrycKaeMhiX ,--Me30HOB: T;(c Ak) ~114±9M3B no 
cpasHesmo c T (rr) (6e3 Ak) ~ 95 ± 3 M3B }J)lR o6b!'llibrx "ueHTpaJibHhrx" 0 
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Ta611uqa 

06HapyHC:eHHbiM 3<IJciJeKT 

)liDl: A HJ ueHrpannHbiX . AA- BJaHMo.o;eH:crBHH 
( e cpaeHeHuu c HeqeHrpatzbiH:iLMU AA -e3aUMo0eUcreWlMU): 

HJOT(XHliDI B dNA I d Cos 8* ropMo)l(emt:e, repMaJIHJa- (+) 
UHJI (1IOK3JlbHaH ?) 

H30TpoDHR B dE A /dCos0* ropMoJKemre, repMaJIHJa
UHH (1IOK3JlbHaH?) 

6onMJ;MaHOBCKHH xapaKrep TA_ -cneKrpa 
}'BerrH'!eHHe <p~ > H T0(A) 

repM3JIH33UHJI (JIOKaJibHaH?) (+) 

(c 80 no ISO M>B) 
OTCYTCTBHe TIOJIJipH33UHH a p L\ 
(snpenerrax l'l(a:i'A)-0~ .;.o;2) 

wu1 rr- HJ ueurpan&HbiX AA-BJaHMo.neH:crsuH c 1\.k 

paJorpen (noKanbHbiH?) 

repManH33UHJI, 
o6paJonamre KBarM&I (?) 

(6 cpaeHeHuu co ece.Mu ifeHrpa.rz&HblMU AA-e3aUMo0ei1CTBWI.Mu): 
- uJorponHH B dN /dCosO* ropMO)f(eHue, repMamtJaUHH 

" (B 6orrbllleH qacrH o6nacrH 
AA -BJauMo.ueHcrsHH) 

- H30TpoDHJI B dE* /dCosO* 
" 

ropMoJKeuHe, repMaJIHJaUIDI ."+" 

~ 60JibUMaHOBCKHH xapaKrep T* -cneKrpa 
" 

- COOTHOllleHHe T0(rr) ::0,8Tp(A) 
npu T0(A), T

0(K), T0 (p) 

rou1 A k HJ ueHrpan&HbiX AA·· BJaHMoneHcraHH 

(B 6oJibllleH 1.13CTH o6JiaCTH 
M -sJaHMoneH:crsHH) 

repMaJIH33UWI (a 6on&UieH ~ 
ti3CTH ofinaCTH AA. ·B33HMO· 
neHcrsuH) 

paJorpes (6on&UieH: ttaCTH 
o6nacrH AA. -B33HMoneH
crmu1) 

:~ 

repMOUHHaMHqeCKOe p3.BHO· ·:.i=" 
secue anpouos(l'l- rrN- AK) 

( e cpaeHeHUU c He(4eHrpaAbHblMU AA ·83aUMoiJei1creURMu): 

yaenHqetrn:e <n Ak >I <n 
17 

> o6pa30BaHHe KaarM&t 
npH p* ~ I fJB/c (- B 2 pa3a) 
yaenHqeHHe <n Nt> I <n 17 > 
npH PT ~ I (jBjc (- B 6 .;. 10 pa3) 
yserrH'leHHe dN Ak I dy 
B o6nacm <y > (- a 2.;. 4 pa3a) 

- 0 
rou1 A HJ ueHrpan&HbiX AA·aJaHMoneHcrsuH:: 

orHocHren&H&IH B&Ixon A 
<nt;>l<ni\> ,:; J0- 2 . 
(c 90% ypoeHeM aocroeepuocru) 

o6pa30B3HHe KB3fMbl 

o6pa30BaHHe KB3fMbi 

o6pa30BaHHe KB3fMbi 
( <n A> I <n A>- 10-3 

npMMEt'48HMe. * 3HaK(f) 03Ha'laeT C00TBeTCT6Ue 06HapyJICeH.H.OZO 3(;fjeKTQ npeiJCKa3bl· 
eaeMOMY CUZHMy, a iJ!lUH.a CltllOWHOU 'IQCTU OKpyXHOCTU xapaKTepu3yeT (yC!l06H.O) CTQ· 
TUCTU'lecKyiO o6ecne'leHHOCTb (iJocroeepH.OCTb) nony'leHH.OZO Pe3YilbTara. 
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TIHOHOB. BonblliHHCTBO nepet~HcneHHhiX s Ta6nHn;e pe3yJihTRTOB, CBH3aHHhiX 

c pO)f()J;eHHeM A -rHrrepoHos s UB, MOryT 6biTh KaqecrseHHo H ,naJKe KOJIH

llecrseHHo orrn:caHhi s paMKax TepMOAHHa.MHllecKoro no.nxo.o;a 
1231 

, s TO 

)Ke speMH HX cprumeHHe c Monen.aMH xacKa.z:uwro THna scrpeqaer onpene

JieHHbie TPY/1HOCTH (aanp>iMep, npn OllllCaHllll dN /1 I d cos e• -pacnpe)leJie

H!rli 1241 ) . HeKOTOpbie ll3 aa6JIIOAaeMbiX 3<j><j>eKTOB comacyiOTCH c aoa

MO)K}lhiMH CHrHanaMH o6pa30BaHHR: KBarMhl, KOTOphie npe,D;CKa3bffiaiOTCJI 

s pR.n.e TeopenJqecKHx pa6oT. O,IJ,HaKo Hx Henh3H et~HTan cBHneTenhcTBOM 

o6aapyJKeHHH no11o6aoro <!>aaoaoro nepexo11a, noKa ae 6y11yT HC'IepnaHbi 

1\pyme, 6onee npOCTbie 06l>HCHeHHH II MO)IeJibHbie HHTepnpeTaiiHH- C 11pyroii 

CTOpOHbl, lfY)I(Hbi CTaTHCTHtieCKH 6onee o6ecneqeHHbie H ,neTaJIH3HpOBa.HHbie 

Hccne.nosaHHJI o6Hap)7)KeHHhiX a$<PeKTos H npyrHx npe.ncKa3biBaeMhiX 

CHrHaJIOB o6p830B3.HHH. o6ora.u..teHHOii CTpa:HHOCTbiO KBRfMbl ~ UeHTpWibHbiX 

AA -B3a.HMo,neHcmHHx (no B03MO)KHOCTH, a Tex )Ke 3KcnepHMeHTa.JihHhiX 

YCJIOBHHX). 

ilpose.n.eaHoe HenasHo Hccne.n.osaHHe po)K)J.eHHR A- H K -qacnm 

B PTa -B3aHMO,IJ,eiiCTBHHX npH 3HeprHH E- ~ 3,2 r3B 1251 ll03BOJIHeT 
p 

CpaBHHTb IIOJIYlleHHbie B 3TOM 3KCllepHMeHTe pe3yJibTaTbl C paCCMOTpeHHbiMH 

Bbiiiie XapaKTepHCTHKaMH C TeM, llT06bl BbiHCHHTb, llTO OfiiUero B npoueccax 

o6pa3osaHH.FI A-llaCTHU s aHTHnpoToH-HJI.epHhiX H s ueHTpa.JihHhix H.n.po

nnepmtx B3aHMO,n;efiCTBHJIX H tieM OTJIH113.IOTCH 3TH npOI..J;eCCbl C TOtiKH 3peHHH 

B03M0)KH0CTH HX HCUOJib30BRHHH ,ll;JIH llOHCKR KBarMbl. 06paruaer Ha ce6H 

BHHMaHHe npelK.Ile acero TO, 'ITO dN 
11

1ctCose• -pacnpe11eneHHH /1-mnepo

HOB H3 i)Ta -B3a.HMo,neHCTBHH B rrpe.n.enax OIIIH6oK cosna.naroT c coomer

CTBYIOIUHMH pacnpeAeJieHHHMH AJIH lleHTpaJihHhiX CPb-" OPb-coyAapealrii 

npH 3Heprnn 3,66 A I'3B. ABTOpbi pa60Tbi /25 I nOKa3aJIH, 'ITO npn nepexo11e 

B CHCTeMy B3aHMO,IJ,eflcTBHH HyKJIOHa C 13 HYKJIOHRMH MHWeHH nonyqeHHoe 

HMH yrnosoe pacnpeneneaHe OKa3anoch npaK'J'HllecKH H30TpOIIHhiM, TaK )Ke 

Ka.K H cOOTBeTCTBYIOI.llHe pacnpeneneaH.FI A- rHnepoHos, po)l(,IJ,eHHbiX a UB 
HAep (eM. pHc.4 H 5) . EcnH 6bi crycroK H3 13 HYKJIOHOB Bhiczynan a 

PTa -B3aHMoneiicTBHH KaK e,nHHhtH I<nacTep, TO MornH 6LI po)K)J.aThCH 

/1-rHnepOHbi c 6oJibiiiHMH pT (110 3,1 I'3B/c), qero a 3KcnepHMeHTe He 

Ha6JIIO)IaeTCH (pT max :: 1,2 f'3B/c). C l!pyroii CTOpOHhi, llOJiy'leHHbie /laHHbie 

xopowo cornacyJOTCH c npeAnonmKeHHeM, llTO HCTOlJHHKOM A -ttacnm: 

HBJIR:eTCH TepMaJIH30Ba:HHbifl <Pailep6on, KaK H B n;eHTpaJihHbiX AA -B3aHMO

,nei:JCTBHHX, HO C MeHbWeft IlJIOTHOCTbiO: p/ Po .;$ 1,8 no cpaaHeHHIO C BeJIH

'IHBOH pip = 4 _,. 10, OJKHIIaeMOH npH COy)lapeHHJIX JI)Iep Ha <j>pOHTe yAap

HO:ii BOJIHbiO /t8/ . CyruecTBeHHO OTJIH1I8.10TCH TaK)Ke H "TeMnepaTypHbie" 

xapaKTepHCTHKH 1\-t~acTHI..J;, po)f()J.eHHbiX a cpaBHHBaeMbiX npoueccax. 

B PTa -B3aHMO.n.eiicTBHHX HaKJioH cneKTpos A-rHnepoaos T~ , nonyqeHHbiii 

B pe3yJibTRTe ¢lHTHp0BaHHR. HHBapHa.HTHOrO CetieHHH 
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Coost • E* · exp ( -T* IT;) , 

OK3.38JICH pB.BHhiM T~ = 97 ± 6 M3B, trro cooTaercrsyeT 6onLu;Ma.Ho:BcKoH 
TeMnepaType T0(A) :: 85 MsB, cy111ecmeHso MeHLIIIeii, qeM cooTBeTcTsy
row.He BeJIHtiHHhi, IIOJiytieHHble B 60Jibi.J;MaHOBCKOM npH6JIJ-f)KeHHH H3·COOTHO· 
IIIeHHH (1), T0<Al ~ 130 ± 20 MsB JJ;nH UB HJJ;ep CPb , OPb n T0< A)~ 
~ 150 ± 12 MsB JlnH UB HJJ;ep CC , CNe , ONe . 

Cne.zzyer Ta:K*e OTMeTHTh, liTO a PTa -B3aHMo.neHcmin:I cpeAHee 3Hatie
sne pT (A) , KOTOpoe cornacso (1) onpeJJ;enHeT TeMnepaTypy B npeJJ;enax 
ount:6oK, He H3MeHHeTcH c yaenwreHHeM MHO)J(eCTBeHHOCTH sapH)l(eHHhiX 
qacTHl1 ( <P > ~ 0,42 ± 0,07 rsB/c npn n ~ 0.;-1 n <p >~0,35±0,06 rsB/c T + T 
npH n± ~ 10), B TO BpeMH KaK B CC -B3aHMo.n;efl:CTBHH3TaBeJIHlJ:IDiapacTeT 
(c <p T > ~ 0,41±0,02 rsB/c J(O <p T > ~ 0,54±0,04 rsB/c) c pocTOM MHO

>KeCTBeHHOCTH, KOTOpaH B ,IJ;a.HHOM CJiyqae onpe.n;eJIHeTCH tJHCJIOM IIpOB3aHM0-
,ueJ1:CTBOBaBlliH:X HYKJIOHOB Hanerarow:ero R.npa. ITpH cpaaHeHHH noTeHUHanh
HhiX B03M0)1(HOCTei1: OCyi.l.l;eCTBJieHHR ycJIOBHH, Heo6XO,IUiMhiX ,ll;JIH 4>asosoro 
rrepexO.ua a KBarMy, HanpHMep rrpH UeJITpaJI&HhiX OPb H aHHHrHJIHI..U10HHbiX 
PTa -B38.HMo,neifcTBHRX, ay:>KHo HMeTh B BH.ny, liTO B nepBOM cnyqae OK3.3hi
Ba:fOTCH cyw;eCTBeHHO 60JiblllHMH He TOJihKO IIJIOTIIOCTh, HO H 06IIUiH 06'beM 
repMaJIH30Ba.HHoro aemecrsa, KOTOpbr:H yaenwrnsaerCH c tJHcrroM npo
B33.HMo,ueH:crsosaslllHX HyKJIOHoB aaneraromero H,r:r;pa, o6pa3yromHx paBHO
aecanre Knacrephl. 

KpoMe roro, KaK y:>Ke yrroMHHanoc&, 6onnll1He 6apHOHHbie rmoraocTH 
o6ecrretJHBIDOT 6onee lleTKHH CHrHaJI, CBH33HHDIH C o6p3.30BaHHeM B KBarMe s s -nap 6naroJJ;apH npHHl1HITY ITaynH, KOTOphiii 6noKnpyeT polKJ(eHHe u ii -
H ctd -rrap. Yqer 3THX o6croHTerihcrs .uaer oCHosaHHH O)KH,IJ;aT& 6onee 3Ha
liHTennanrx CHrHaJIOB o6pa30BaHHR o6oraiUeHHOfl CTpaHHOCThiO KBarMhl 
B UB IIJJ;ep (npH cpasHHMhiX sseprHHX sa syKnOH) . ITpn noncKe cneJ(OB 
KsarMhi a UB Hnep OlleHh aa:>KaoH: HBJIHeTCR so3MO)I(HOCTh HcrroJI&3osar& 
a Kaqecrse o6DeKTa cpaaHeHHR NA -B3aHMo,ti;e:HCTBHR RJIH fieu;eHTpa.rrnanre 
coy.uapeHHH H,uep, KOTOpbre MO)I(HO paccMaTpHBaT& KaK cyMMY NN -B3aHMO
JJ;eiicTBHii, ycpeJJ;HeHHbiX no 3apHJIY HyKnOHOB H <j)epMH·HMnynLcy C UO· 
CJie.UyiOIIUiM KaCKa,nHpOBaHHeM B H.UepHOM Bei.IJ;eCTBe. llpH TaKOM CpaBHeHHH 
B 3HaliHTeJihHOif Mepe ytrnTbiBIDOTCH BTOpHtiHhie 3¢>¢>eKThl, B TO speM.FI KaK 
cpasHHTenLHLiii asann3 npoQeccos polKJ(eHHH A(K) -qacTHU B pA- H pp -
B3aHMO,nelfCTBHRX Tpe6yeT .II.OIIOJIHHTeJihHhiX MO.UeJihHhiX paClJeTOB H OI..J;eHKH 
BKJia)l;a BTOpHllHbiX IIpOI..J;eCCOB, KOTOpbU1: OKB.3aJICH 3HalJHTeJibHbiM. 

Ha6nro.n;aeMbiH B pa6ore /25 1 nOBbiiiieHHbiH BhiXOA A -nmepoaos 
B i}Th-B3aHMO,UeifCTBHH aBTOpbl 06'b.RCHHIOT BKJia,UOM KaCKa.Il.HbiX npon;ec-
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cos pTa .. K.Kx ... AKx' H i)Ta-. rrx -t AK.x:, KOTOpbie .n;aror BKna,n,6onee 

lJeM a 10 pa3 npeBhiwaroiJJ;HH BKnan nepBHtrn:oH peaKUHH PP -+ Ax . K TRKOMY 

)Ke BhiBO.IlY npHBO.IlHT paClJeTbl IIO KRCKa,II,HOii: MO,n;eJIH /26/ , KOTOphie 80% 

34><PeKTa 06'bHCH.fUOT BTOpHlJHbiMH a.n.poH-B,ApOHHbiMH B33.HMOJ].eiJCTBHRMH, 

a OCTa.JlbHOe MOmeT 6biTb OTHeceHO Ha ClJeT B33.HMO,IleHcTBHfi C HYKJIOHHbiMH 

KJiacrepaMH. Ha OCHOBaHHH 3THX on;eHoK c yqeroM MaJIOCTH napaMerpoa 

p H T0 aBTOpbi rrpHXO,nJIT K BblBO.Il;Y, tfi'O HeT OCHOBaHHii C1JHTaTb Ofi'bRCHe

HHe Ha6JIID)J,eHHbiX HMH 3<j>4>eKTOB B03MOiKHbiM o6pa30BaHHeM KBarMbl 

(B npoTHBOITOJIO)KHOCTb BbiBO,D;aM pa60Tbi 127 I , apryMeHTbl KOTOpoft npe,u

CTaBJIJUOTCH IIpOH3BOJibHbiMH H Ma.JI0060CHOB8.HHbiMH). 06pai.l(aeT Ha cefiH 

BHHMaHHe, lJTO B AA -coynapeHIDIX "4JoHOBbie" npon;eCCbl o6pa30BaHHH 

CTpaHHbiX qacTIU.I, 3a ClJeT BTOpHtJHhiX B38HMOJJ;eHCTBHH BO MHOrO pa3 MeHb~e. 

TaK_, npH CpaBHHMhlX 3Hepnrnx (3-c4 A r3B) ceqeHHe peaK!1HH NN ~ NNKKx 

c K-Me30HOM, cnoco6HLIM nopO.IUITb A-rHnepoH, cocrasnHet MeHee 10% 

nonHoro cet~eHHR o6pa30BaHHH ctpaHHbiX qactHU, Torna KaK npo:u;ecc 

PN ...,. KKx HBJIHetcJI ocaosHbiM. C npyroH cropOHhi, H cneKTP sropHtrnbiX 

llHOHOB H3 AA -B3aHMO,neHCTBHft cymeCtBeHHO MHrqe, TaK liTO TOJlbKO 7% 

llHOHOB HMeJOt 3Hepnuo, npesbilllaJO~YJO nopor peaKUHH rrN -+ AK (no 

CpaBHeHHIO C 34% H3 j)Ta-B33HMO,neii:CTBHH), qto IlpHBO.llHT C yt~eTOM 3Hep

rerHqeCKOH 3aBHCHMOCTH ceqeHHH 3TOH peaKUHH ( CM. pHC. 9) K 3Hatm:teJibHOH 

pa3HHUe B BhiXO.Ue A- rHnepoHoa s cpasausaeMbiX npoueccax. 

llO.UBO,ll.R HTOrH npose.neHHOMY pacCMOtpeHHIO npo6neM, CBR3aHHblX 

c ucnonL30BaHHeM rrpouecca o6pa3oBaHHH ctpaHHOCTH B Hccne.nosaHHJIX 

so36y)KJJ.eHHoro aemecraa, cnenyer no.ll'lepKHyth :1<P<PeKTHBHOCTb 3Toro 

Merona wm H3YlleHWI ycnosHH <Pa3oaoro nepexona a KsarMy H JUIJI caMoro 

noHcKa B03MO)KHhiX cnenos ee o6pa30Ba.HHR. 

llpH 3TOM Ba>KHO Ha6JIJO.UaTh H HCCne,nOBaTb B 6JIH3KHX 3KCllepHMeH

TaiJhHbiX yCJIOBKRX pa3nWIHbte O)KH,naeMbie cHrHaJihi o6paaosaHHJI KsarMhi, 

o6oraw;eHHoH ctpaHHoct&lO: noabillleHHht:H s&rxon rHnepoaos, non.noporosoe 

pO)K.lleHHe aHTHrHrrepOHOB, o6pa30BaHHe ¢- tUlCTHU, llOHCK MHOrOKBapKO

BbiX CtpaH~blX COCTOJIHHJi tHrm H · ,llHrHnepoHa, H3ylleHHe aHOMaJimi 3a cqeT 

npouecca s s ~ yg . 

CpasaurenLHbtH aHaJIH3 proynLtaros Hccnenosruum npoueccoa po)K)],e

HHH J\-qacnm a A~T- H PTa-B3aHMo,ueHcrsHHX: yKa3hmaer aa B03MO)f(· 

HOCTb TepManH3auHH a]lpOHHOrO sel.l.(ectsa, liTO RBJIR:efCR aeo6XO)l.HMbiM 

ycnoaHeM o6pa30BaHHR KBarMbi. B · o6onx 3KcnepHM€HT3.X npH s3aHMoneH

CTBHH aa TJI>KenhiX R,upax 6hiJIH nonyqeHbi yrnoBhie pacrrpeneneHHH o6pa3o

Ba.BlliHXCH A-rHnepoaos, 6nH3KHe K H30tponHhiM s CHcteMe HYKJIOHHoro 

Knacrepa lNp+ (10-c 15) NT . llpH 3TOM 6onhUMIIHOBCK8JI TeMnepazypa 

.1lJIH ~eHtpan&HhiX cTonKHoseaHii C Pb H 0 Pb oK9.3anacL cymecrseHHo BbiWe 

( T - 130 M3B), qeM T ::85 M3B Ill"' p'la·B311HMOI\eHCTBHii npH cpasHH· 
0 - 0 

Mb!X 3Hepmax Ha HYKITOH (3,6 A r3B" 3,2 r3B). B ueHTpaJibHhiX cc. ' 
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Puc. 9. BblCOKo:mep2eru!JeCKue !lacru cneKrpoe numwe, po.JIC0eHHblX e pp 
83aUM.o0eUCT8WlX ( - - - - - - - - ) U 8 CTOflKH08eHURX JZe2KUX RiJep 

(--.--.--), (~--~-~-) - 3Q6UCUMOCTb OT 3HeplUU 

(U3 pa60Tbl /26/ ). 

CNe - H ONe -a3aHMOUeiicTBHHx nonyqeHa eme 6onblllaH aenHqHHa ( T 0 :::: 
:::: 150 M3B), 6nH3KaH K KpHTHqecKoii )lJIH <Pa3osoro nepexoua a qg -
tma3MY npH TOpM03HOM pe:JKHMe, npH KOTOpOM C03,D;aeTCR 3Hatm:TeJihH3JI 

6apHOHH3R llJIOTHOCTb, tfi'O ,neJiaeT npe,n;nOtJTIITeJibHhiM o6pa30BaHM:e CTp8H

HbiX KBapKOB ( qq 4 SS H gg ~ SS ) 6narouapH npHH!UIJIY llayJIH. llpH 
PTa -B3aHMO.neHcTBH11x HeJib3H o>KH.naTb 6on&lllHX 6apHOHHhiX rmoTHocreH, 

tfTO Tpe6yeT ,Z:VUI o6pa30BaHH.R KBarMbl Cy~eCTBeHHO 60JihlllHX TeMIIepaTyp, 
npH 3TOM H36biTOK CTpaHHOCTH y:>Ke He JIBJI.R:eTCR XOpOlllHM CHrHanOM. 

C .npyroH cTopoH&I, B UeHTpan&HhiX APA T-aaaH!"fo.neHcTBHRX tJHCJIO aoa
MO)f(HhiX TepMaJIH30BaHHbiX . KJlaCTepOB H, CJie,IJ;OBaTeJibHO, BeJIHlJHHa Q)l(H,ll;a

eMbiX 3¢l$eKTOB MO»<eT 6biTh so MHoro pa3 6onblne 3a CtleT 6onLwero 
tUICJia B3aHMoneHcTBYIOI.l.UiX HYKJIOHOB Rllpa A P . 

13 



JUITEPATYPA 

1. l/!efm6epz E.JI. -ll3secntfl AH CCCP, 1962, 26, c.622. 

2. RafelskiJ., Midler B.- Phys.Rev.Lett., 1982, 48, p.1066. 

3. Rafelski J., DanosM. - Preprint UCT-TP, 8-1984. 

4. Chapline G. eta/.- Phys.Rev., 1973, DB, p.4302. 

5. Shor A.- Phys.Rev.Lett., 1985,54, p.l122. 

6. Rafelski J. et al. - GSJ. 86-1, Darmstadt, 1986. 

7. Greiner C. et al. - Phys.Rev.Lett., 1987, 58, p.1828. 

8. Eapanoe C.II., 11>WlbK08 Jl.B.- 1/!HAH 139-87, MocKea, 1987. 

9. Heinz U. eta[ -Mod.Phys.Lett., 1987, 2A,p.153. 

10. Panagiotou A. - Phys. Rev.,s, 1986, C33, p.1999. 

11. EapaHOB C.II., I1>WlbK08 II..B. - KparKue coo6U{eHUJl no rfiu3UKe, 1/!HAH, 1987, 

1, c.30. 
12. AnikinaM. eta/. -Z./Phys., 1984,C.25,p.1. 

13. AnuKunaM.X. uap.- 0Hfl11,Pl-82-333,}.!y6na, 1982. 

14. 0KOH06 '3.0.- B c6.: HcCileOoeaHUR e o6Aacru pe.n.R.rueucTCKoU ;u)epHofi tjJu3uKu. 

OHJJH,J!2-82-568,Jly6na, 1982, c.166. 

15. ApMyTIIUUCKU).!. u ap. - OHJJH, Pl-85-220, ).!y6na, 1985. 

16. 11oB.eBK.uap.- OHJJH,P1-84-273,}.!y6na, 1984. 

1Z HagedornR.- CERN, 71-12, Geneva, 1971. 

18. VanHove£. -Phys.Lett., 1982, 118B,p.138. 

19. Bjorken J. - Phys.Rev., 1983, D41, p.419. 

20. AnikinaM. etal.- JINR, E1-85-578, Dubna, 1985. 

21. StockR.- Phys.Rep., 1986, 135, p.261. 

22. AnikinaM. eta/. - JJNR, E1-84-376, Dubna, 1984; Phys.Rev., 1986, c.33, p.895. 

23. Hageborn R., Rafelski J. - Phys. Lett., 1980, 9 7B, p.180. 

24. IweH., Okonov E.- JJNR, E2-88-22, Dubna, 1988. 

25. Mijano K. et al. - KEK-Preprint, 87-160,Jbaroki, 1987. 

26. Ko C., YuanR.- Phys.Lett., 1987, 192B, p.31. 

27. RafelskiJ. - Phys.Lett., 1988, 207B, p.371. 

14 

PyKormcn noczyrmna a H3.D.aTen~:ocKHH oT.n;en 

25 IIHBapll 1989 ro)la. 


